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SUMMARY 

Taurine homeostasis is perturbed after acute and chronic ethanol administration. An oral dose of ethanol, 
(0.8 g / kg) significantly decreased the plasma taurine content 90 minutes after its administration, while 
glutamic acid content increased significantly at 30 minutes. Chronic alcohol abusers, showed significant 
increases in plasma taurine content 7 days after alcohol withdrawal. In 50% of these patients the taurine 
levels exceeding the reference range and correlated with the elevated levels of plasma glutamic acid. In 
addition in these patients there was also a significant decrease in anxiety score, CIWA Ar, (~(0.01). 
Although the correlation between taurine and glutamate has been described in other diseases this is the first 
time that such changes have been reported after acute or chronic ethanol administration. 
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INTRODUCTION 

Taurine is a sulphonated amino acid which is present in high concentrations, mM range, in many 

tissues (1). Its biological functions is possibly related to its influence upon calcium homeostasis, i.e. 

calcium transport, calcium binding and function, as well as being implicated in the activity of the 

membrane enzyme, phospholipid N-methyl transferase (2). 

There are high concentrations of taurine in the brain of man, its concentration is comparable to GABA 

but lower than glutamate, where it plays many important functions. The structural similarity of the taurine 

transporter to neurotransmitter transporters is consistent with a neuromodulatoiy role for taurine in the 

nervous system (3). Brain glutamate and taurine concentrations correlate suggesting co-localisation (4) 

which has led to the suggestion that it may modulate the toxicity of this excitatory amino acid. The high 

phospholipid brain content may necessitate the presence of taurine for its methylation (S), while taurine 

also has important membrane stabilising actions by controlling the fluxes of both calcium and Cl’ fluxes 

across membranes (1). Drugs such as ethanol which have dramatic and devastating effects on membrane 
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composition and structure (6), alter phospholipid metabolism (7) and increase glutamate release and 

concentration, particularly during detoxification, (8, 9), may indirectly effect taurine homeostasis. 

There have been no studies of the effect of acute or chronic ethanol administration on taurine 

homeostasis in man. Acute ethanol administration evokes increases in the microdialysate taurine content of 

several rat brain regions (10, 11) due to a variety of factors which include osmoregulatory responses and 

changes in membrane fluidity (12). Certain brain regions e.g. hippocampus, show elevations in the basal 

taurine concentration at the cessation of four weeks of chronic alcoholisation in rats (8). Taurine 

supplementation prior to ethanol injection in mice will diminish alcohol-induced sleep-time (13) while 

homotaurine supplementation decreases craving in chronic alcohol misusers after alcohol detoxification 

(14). One study of six randomly selected chronic abusers of alcohol indicated that the circulating 

concentrations of taurine were slightly lower than normal ( 15). 

However, as yet, there have been no investigations of taurine homeostasis after either acute or chronic 

ethanol administration in man which could yield some insight into the role of taurine during ethanol 

intoxication and withdrawal. Therefore in these present studies the circulating concentrations of taurine 

and other amino acids has been evaluated in normal subjects after an acute dose of ethanol and in chronic 

abusers of ethanol, while consuming high amounts of ethanol and then seven days after medically assisted 

withdrawal. 

MATERIAL AND METHODS 

Four fasting normal individuals, (daily consumption <l unit) ingested an oral dose of alcohol, 0.8 g/kg, 
in the form of whisky, at 08.30. Blood specimens were taken prior to the ingestion of alcohol and then at 
30, 60 and 90 minutes. 

Blood specimens were collected from 22 Caucasian patients, 16 males, 6 females, admitted to the 
National Alcohol Inpatient Unit, at the Royal Bethlum Hospital, Beckenham, UK. All patients fulfilled 
ICD-10 / DSM IV criteria for alcohol dependence. On admission, each patient had a comprehensive 
physical, psychiatric and neuropsychological assessment. Extensive demographic, clinical and family 
history were collected and laboratory investigations undertaken. Alcohol withdrawal was assessed with 
the revised Clinical Institute Withdrawal Assessment, CIWA:Ar (16). The severity of dependence and 
level of alcohol problem were assessed by the Severity of Alcohol Dependent Questionnaire, SADQ (17), 
and Alcohol Problems Questionnaire, APQ, (18, 19), respectively. Comorbid psychiatric diagnoses 
(ICD-10 / DSM IV) were made by the consultant psychiatrist following clinical interview. Random urine 
toxicological screens were performed repeatedly during their admission to confirm drug-free status. 

A blood specimen was taken at the time of planned admission, for the assay of alcohol levels, biochemical 
parameters and haematological indices. Heparinised blood specimens were taken, both at the time of 
admission and 7 days after detoxification, for the analysis of taurine and plasma amino acid. Blood 
samples were also taken from a further 20 controls, who were of comparable age to the patients, who 
consumed < 1 unit /day, for the analysis of taurine and plasma amino acids. 

(Ethical permission for this study had been obtained from the Bethlum & Maudesley NHS Trust Research 
Ethical Committee), 

Plasma amino acids, together with taurine, were analysed by an automated HPLC technique 
Biotech biochrome 20) system 9 with UV detection after reaction with ninhydrin reagent. 

(Pharmacia 

Data analysis: The plasma amino acid results are presented as mean + standard deviation. Differences 
between the time points after acute ethanol ingestion and between admzsion and detoxification in chronic 
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alcohol abusers were assessed by ANOVA design with Fischer’s LSD (Protected t test). A GB statistical 
programme calculated correlations. All clinical analyses utilised the Statistical Package for the Social 
Sciences (SPSS) for Windows. Statistical significance was established by Chi test for categorical data; 
Fisher’s exact test when the sample was insufficient to calculate &i-squared and a two-tailed student t test 
for comparison of means with interval data. Significance for all statistical analyses was set at less than 
0.05. 

RESULTS 

Acute ethnol dose to nom1 subjects 

The plasma ethanol concentration had increased at 30 minutes to a mean concentration of 129 mg% 

after the ingestion of ethanol. After 90 minutes the plasma alcohol concentration had marginally decreased 

by 15%. The plasma concentration of taurine decreased in each subject after acute ethanol ingestion, the 

mean concentration being significantly lower at 90 minutes by comparison to the basal level. Figure la. 

Alanine, a p-amino acid had decreased significantly at 30 minutes, P~0.05, Figure lb, and continued to be 

significantly lower, P~0.01 at both 60 and 90 minutes. Glutamic acid increased significantly, P4.05, at 

30 minutes, after which time the levels decreased slowly to reach the basal level by 90 minutes, Figure lc. 

All of the other amino acids assayed, neutral, basic, aromatic and branched chain, showed no significant 

alteration after acute ethanol ingestion. 
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Figure 1. Changes in plasma concentrations of taurine ( la) alanine ( lb) and glutamate ( lc) after oral dose 

of ethanol (0.8 g/kg) to fasting male controls. 
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Chronic ethanol abuse. 
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On admission to the detoxification unit, 16 of the 22 subjects had detectable blood ethanol, range 2 - 

434 mg%. In these patients the mean concentration of the amino acid glutamic acid was significantly 

raised, 151 + 84 pmol/l (by comparison to the control subjects, 66 + 25 pmol/l), and significantly 

correlated with the elevated activity of the liver enzyme y glutamyl transferase, I- 0.67 P<O.OOl. All of 

the other mean concentrations of amino acids plus taurine, although significantly lower than those of the 

control subjects, nevertheless were within their appropriate reference ranges, Table 1. 

Table 1. Concentrations of plasma amino acids and taurine in chronic 
alcohol abusers on admission to the Alcohol detoxification Unit 

and 7 days after detoxification, and control subjects. 

in the 

Amino Acid Admission 

Reference 
range 

27-100 Taurine 
IO-85 Cystine 
6-40 Methionine 
35-90 Phenylalanine 
30-90 Tyrosine 
30-100 Histidine 
75-I 75 Leucine 
35- IO0 Isoleucine 
loo-335 Proline 
70-195 Serine 
140-320 Wine 
120-550 Glycine 
210-650 Alanine 
80-240 Lysine 
2@140 Arginine 
80-195 Threonine 
IO-67 Glutamic Acid 
1-25 Asparticacid 
520-740 Glutamine 

ALCOHOL AB 
n=22 

69.8 f 14 
18.6&K 
21.4* 8 
51.U 12 
57.4 f 16 
70.9 f 14 
87.6 f 25* 
46.0 f 18 
205 f 66** 
86.1 f 31 
163.5 f 35** 
184.0 f 41” 
299.1 f 90”” 
130.7 f 36** 
66.2 f 22 
120.9 f 48 
151.1 f 84** 
9.2 f 3.3 
403 f 131** 

USERS 

Afkr 7days 
detoxification 

92 f 40 
18% 12 
22.4k 6 
56.9 f 12 
77.5 f 17 
79.4 f 14 
100.9 f 26 
54.2 f 18 
201.8 f 61$$ 
114.3 f 27 
174.6 f 42$$ 
236.8 f 735s 
377 f 72#$$ 
168.0 f 45s 
74.9 f 26 
125.4 f 40 
140.5 f 86$$ 
10.3 f 3.3 
456.9 f 180#$$ 

CONTROLS 
n=20 

Significance calculated by ANOVA Fischer unpaired t test 
Admission sample V Control* ** PcO.01 * PcO.05 
Admission sample v 7 day sample 8 fj§ PcO.01 Q PcO.05 
Control v 7 day sample $ $$ PcO.01 $ PcO.05 

56* 9 
22 U3 
29 f 9 
62k 15 
75 f 18 
75=t 1 
139 f 39 
75 f 23 
342 f 109 
108 f 25 
250 * 54 
237 f 56 
476 f 103 
198 f 47 
105 f 39 
136 f 28 
66 f 25 
11*3 
544 f 72 

Seven days after admission the mean concentration of taurine 

22 patients, the plasma level of taurine exceeding its quoted 

had significantly increased, PqO.03, 

reference range (27- 100 pmol/l) in 

seven patients. Glutamic acid content also increased in 50% of patients, while each of the other plasma 
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amino acids showed an elevation in their concentration in each of the patients but remained within their 

appropriate reference ranges, Table 1. There was a significant correlation between taurine and glutamic 

acid (expressed as percentage change) between admission and 7 days after detoxification, Figure 2. 

y = 30,374+ 1,1422x RA2=0,734 

Percentage change in plasma glutamic acid 
between admission and detoxification 

Figure 2. Correlation between the changes in glutamic acid and taurine (expressed as a percentage) in the 
plasma of chronic alcohol abusers before and after 7 days of medically assisted withdrawal. 

The patients were further divided into two groups according to whether the concentration of glutamic acid 

had increased or decreased by greater than 10% between admission and after 7 days of detoxification. 

Table 2. In the 9 patients, where glutamic acid increased by an average of 57%, range 21- 172%, there 

were significantly correlations, r=0.89, P~O.001, with the increases in plasma taurine content, ( 

increasing by 87%). In addition, aspartic acid also increased between these two time points, by 30% in 

these patients, again significantly correlating with the changes in taurine content r=O.76 P&01. In the 

remaining group of patients, n=lO, there were decreases in both glutamic and aspartic acid during the 

detoxification period by an average of 35%, range -13 to -66%, while the levels of taurine showed little 
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change. An inverse correlation between glutamate and glutamine was evident in the chronic alcohol 

abusers who ultimately showed an increase in glutamic acid after detoxification, I- -85. 

The 9 patients who showed significant increases in both glutamic acid and taurine during the 

withdrawal period had significantly ( p&01) lower scores on the withdrawal assessment scale (CIWA- 

Ar), (9.1 + 3.9) compared with the remaining patients (12.5 + 3.6). However no other significant 

differences yn any of the other psychological evaluation, (SADQ 0; AFQ) alcohol intakes, haematological 

or biochemical parameters were evident, Table 2. 

Table 2. Clinical and biochemical parameters of two alcohol groups divided 
according to glutamate changes during medically assisted alcohol withdrawal 

Age on admission 

Years of dependence 

Alcohol intake/day (8) 

Questionnaires 

SADQ Score 
CWA-Ar Score 

Increase in glutamic acid Decrease in glutamic acid 

41Lll 38 L 10 

21 10 L 14f 11 

2612146 2845134 

38 5 9 38 2 9 
924 ** 13 k4 
1525 1624 

Total benzodiazepine dose 520 2 145 590 L 189 

Biochemical and Haematological indices 

MCV 
GGT 
Uric acid 
Albumin 
Amino acids 

10225 98.428 
1732325 246+196 
0.3LO.11 0.320.1 
4325 4623 

Plasma glutamic acid pmol/ 

Before alcohol withdrawal 
After alcohol withdrawal 

1012 61 196 113 2 
166 113 i 117i4 

Plasma taurine level, ~mol/l 

Before alcohol withdrawal 
After alcohol withdrawal 

61 t 13 78 L 10 
110250 ** 75 2 18 

Signifkance ** = CO.01 

DISCUSSION 

Acute ethanol ingestion rapidly altered the plasma concentrations of taurine, alanine and glutamic acid, 

when the circulating ethanol concentration was approximately 100 mg%, taurine and alanine 

concentrations decreasing significantly while glutamic acid content increased. Whether this indicates 

changes in the uptake of these amino acids by the tissues is unknown. On admission for detoxification the 



NEUROSCIENCE RESEARCH COMMUNICATIONS, VOL. 24, NO. 1 47 

taurine levels in chronic abusers of alcohol, (with blood alcohol levels between 2-434 mg%), were similar 

to controls. However, once the blood ethanol concentrations had declined to zero, significant increases, 

were evident in approximately 50% of the patients, many above the reference range. This may indicate that 

ethanol alters the uptake of this sulphonated amino acid, but that there is adaptation by certain individuals 

to override this ethanol induced effect, which only becomes evident after detoxification. The only other 

parameter which was significantly different between these two groups of patients was a reduction in 

CIWA-Ar score; all other psychological evaluations, haematological and biochemical indices being similar. 

The positive increase in both taurine and glutamic acid in 50% patients after detoxification may identify 

two groups of subjects with different responses to detoxification, although the clinical significance at this 

time remains unclear. Rats infused with morphine for 4 days showed no change in spinal dialysis amino 

acids, but when administered naloxone, initiating an antagonist-precipitated withdrawal, an immediate 

increase of both glutamate and taurine was evoked, by approximately 300% (20). The magnitude of these 

changes correlated with behavioural indices of withdrawal intensity. In contrast, in this present study an 

elevation of these two amino acids within the plasma in patients after alcohol withdrawal was associated 

with a lower anxiety score. 

It is clear that there is an association between taurine and glutamate in a number of tissues; they are co- 

localised within the brain (21) particularly in dentritic outgrowth and synapse formations (22). Parallel 

changes in both glutamate and taurine occur in brain during hepatic encephalopathy (23), and in hypoxia 

and ischaemia (24). Other tissues, such as human saphenous vein for coronary artery bypass (25) and 

intestinal mucosa after trauma (26) also show comparable alterations in taurine and glutamate. Plasma 

levels appear to reflect brain concentrations, an increase in their concentration after acute exposure to 

bacterial endotoxin stress was paralleled in the brain. (27). 

Circulating levels of taurine will reflect its absorption, its utilisation by the liver, particularly in the 

formation of bile salts, as well as muscle metabolism where taurine is present in high amounts and plays 

an important role in stabilising the sarcolemma (28). Sodium dependent taurine transporters have been 

identified in a variety of tissues e.g brain (29) kidney (30) intestinal cells CaCo-2 (3 1) which facilitate the 

uptake of taurine. It has been shown that taurine transporter activity is modulated by protein kinases (32), 

the latter being altered by ethanol administration; acute ethanol challenge inducing a rapid increase in the 

content of the phosphorylated form of cyclic AMP-response element-binding protein phosphorylation, 

peaking at 30 minutes, (33) which could explain the decrease in plasma taurine assayed after 

administration of 0.8 g ethanol/kg. Chronic ethanol exposure markedly attenuated the induction of this 

phosphorylation product (33), which was perhaps reflected by the lack of change in taurine levels 

observed on admission of the chronic abusers of alcohol for detoxification. 

Both acute and chronic ethanol administration increased the circulating concentrations of glutamic acid. 

The explanation for the elevated glutamic acid after acute ethanol intake is unclear but may reflect in part, 

an effect of ethanol on the enzyme glutamine synthetase, inhibiting its metabolism to glutamine. Glutamine 

is synthesised from glutamate by amidation, glutamine synthetase catalysing the formation of glutamine in 
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a reaction in which NH, is the amino group donor and ATP is hydrolysed to ADP and Pi via the 

intermediary of y-glutamylphosphate. Inhibition of this pathway by ethanol may also be encountered in 

chronic alcohol abusers. An inverse relationship between glutamine and glutamic acid was identified in the 

plasma of chronic abusers of alcohol on admission who showed an increase in glutamic acid after 

detoxification, but neither the other group nor the two groups after 7 days of detoxification showed this 

significant inverse relationship. An earlier study of Tominaga ( 34) did not find any correlation between 

glutamate and glutamine in plasma of chronic alcohol abusers. The elevated glutamic acid level in chronic 

abusers of alcohol clearly is related to the extent of liver damage as described previously (34). However 

why it should further increase in 50% of the chronic abusers of alcohol during detoxification patients, 

(who were not consuming ethanol, as confirmed by random tests during this period), is unclear but may 

indicate changes in the uptake of glutamic acid into tissues by its transporters. 

The biochemical explanation for the decrease in plasma alanine in our fasting normal subjects is 

associated with its key role in glucogenesis, as this a amino acid is readily deaminated in the liver. The 

ethanol induced redox shift in the liver might also increase the deamination of alanine to pyruvate. 

Taurine homeostasis is clearly perturbed by both acute and ethanol administration, although the exact 

mechanisms involved await identification. Our present results identify that there is a differing responses by 

chronic abusers to alcohol withdrawal but how changes in certain circulating amino acids influence uptake 

of all amino acids across the blood brain barrier at this time is unknown. Clearly this zwitteronic 

sulphonated amino acid plays an important role during ethanol intoxication and withdrawal, such that 

clarification of its mode of action is of major importance. 
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